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STRUCTURAL ASSEMBLY FOR AN According to the disclosure herein , the circumferential 
AIRCRAFT FUSELAGE WITH DOUBLE frames include at least one first circumferential frame having 

CURVATURE INCLUDING FRAMES WITH a lower extremity and an upper extremity and conformed so 
AN OPTIMIZED ORIENTATION that a first virtual straight line half - segment , which passes 

5 through the web and originates from the middle of a first 
CROSS - REFERENCE TO RELATED virtual straight line segment connecting the lower extremity 

APPLICATION to the upper extremity , extending orthogonally to the first 
virtual straight line segment , intersects the fuselage skin at 

This application claims priority to French Patent Appli a point at which the first virtual straight line half - segment is 
cation FR 15 61048 filed Nov . 17 , 2015 , the entire disclosure " substantially orthogonal to the fuselage skin . 
of which is incorporated by reference herein . This geometrical property of the first circumferential 

frame makes it possible to guarantee that at least a portion 
TECHNICAL FIELD of the web of the first circumferential frame , located at the 

level of the point of intersection of the first virtual straight 
The present disclosure concerns a structural assembly line half - segment with the fuselage skin , extends locally in 

intended to form at least a part of an aircraft fuselage and a direction close to the normal to the fuselage skin . The first 
comprising a fuselage skin and circumferential frames . The circumferential frame therefore offers an optimum resis 
disclosure herein more particularly concerns a structural tance to the forces induced by the pressurization of the 
assembly of this kind in which at least a portion of the 20 fuselage of the aircraft . 
fuselage skin has a double curvature . It must be understood Preferably , the web of the first circumferential frame is 
by this that the portion of the skin is curved when it is seen inscribed in a plane at an angle strictly between 0 and 45 
in section both in a transverse plane and in an axial plane . degrees to a transverse plane . 
The circumferential frames concerned are those to which the Preferably , the lower extremity and the upper extremity of 
double curvature portion of the skin is fixed . 25 each first circumferential frame are situated on the same 

The disclosure herein also concerns an aircraft including lateral side of the structural assembly . 
a structural assembly of this kind . The latter may notably Preferably , the web of the first circumferential frame has 
form part of a nose section of the aircraft . a portion centered relative to the point of intersection of the 

first virtual straight line half - segment and the fuselage skin , 
BACKGROUND 30 which portion extends everywhere in a direction at an angle 

less than 20 degrees to the local normal to the fuselage skin , 
The structure of the fuselage of an aircraft generally and has a circumferential extent exceeding 10 % of the 

includes criss - crossing circumferential frames of globally circumferential extent of the first circumferential frame of 
circular shape lying in planes transverse to the axial direc - which it forms part . 
tion of the aircraft and longitudinal stringers . A structure of 35 Preferably , the circumferential frames further include at 
this kind makes it possible to impart a stable geometry to the least one second circumferential frame extending symmetri 
fuselage skin . cally with respect to the first circumferential frame relative 

A notable function of the circumferential frames is to to a vertical median plane of the structural assembly . 
resist the loads induced by the pressurization of the cockpit In one preferred embodiment of the disclosure herein , the 
and the cabin of the aircraft . To this end , the frames typically 40 lower extremity of the first circumferential frame is con 
have a T - shape , I - shape , L - shape or other shape section and nected to a landing gear well structure . 
therefore comprise a web and a flange substantially orthogo - Alternatively , the respective lower extremities of the first 
nal to the web . The fuselage skin is fixed to this flange , also and second circumferential frames may be joined together 
referred to as the “ chord member ” . by connectors such as appropriate stringers . 

In the greater part of the fuselage of aircraft of known 45 Preferably , the structural assembly further includes a 
type , the skin is of circular cylindrical general shape with the lower windshield frame section intended to support an 
result that the web of each circumferential frame is substan - aircraft cockpit windshield and the upper extremity of the 
tially orthogonal to the skin . This configuration is the first circumferential frame is connected to the lower wind 
optimum in terms of resistance to the loads induced by shield frame section . 
pressurization . 50 The structure assembly preferably includes a one - piece 
On the other hand , in the nose section and in the tail upper portion integrating a part of the fuselage skin and a 

section of the aircraft , the fuselage skin has a double structure including the lower windshield frame section and 
curvature with the result that the respective webs of the an upper windshield frame section , uprights , stringers , and 
circumferential frames in these regions of the aircraft are not an upper extremity portion of the first circumferential frame . 
orthogonal to the fuselage skin . 55 In this case the lower windshield frame section , the upper 

Because of this , this type of fuselage structure is not the windshield frame section and the uprights delimit the wind 
optimum in terms of resistance to pressurization forces . shield . 

Preferably , all the stringers of the upper portion and the 
SUMMARY lower windshield frame section , the upper windshield frame 

60 section and the uprights each include a web having a third 
An object of the disclosure herein is to provide a simple , extremity and an opposite fourth extremity and are each 

economical and effective solution to this problem . conformed or configured so that a corresponding second 
To this end , a structural assembly is disclosed herein , virtual straight line half - segment which passes thorough the 

intended to form a part of an aircraft fuselage , and including web and through the middle of a corresponding second 
a fuselage skin having a double curvature , and circumfer - 65 virtual straight line segment connecting the third extremity 
ential frames that include a web and a flange substantially to the fourth extremity and extends orthogonally to the 
orthogonal to the web and to which the fuselage skin is fixed . second virtual straight line segment intersects the fuselage 
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skin at a point at which the second virtual straight line web . Moreover , the flange and / or where applicable the heel 
half - segment is substantially normal to the fuselage skin . and / or the intermediates stringer may be symmetrical with 

The disclosure herein also concerns an aircraft including respect to the web or not . The section of the circumferential 
a structural assembly of the type described above . frames 26 and the stringers 28 can therefore be I - shaped , 

In one preferred embodiment of the disclosure herein the 5 L - shaped or some other shape . 
aircraft includes a nose section that includes the structural To make it possible to see the respective webs 32 , 34 of 
assembly . the circumferential frames 26 and the stringers 28 , the 

flanges 36 , 38 cannot be seen in FIGS . 2 through 5 , 7 and 8 , 
BRIEF DESCRIPTION OF THE DRAWINGS and only a rear portion of the fuselage skin 30 can be seen 

10 in these figures 
The disclosure herein will be better understood and other Some of the circumferential frames 26 , referred to here 

details , advantages and features thereof will become appar - inafter as the “ first circumferential frames 40A ” , have a 
ent on reading the following description given by way of lower end 42A and an upper end 44A and are therefore 
nonlimiting example and with reference to the appended arcuate . 
drawings , in which : 15 In accordance with one particular feature of the disclosure 

FIG . 1 is a diagrammatic side view of an aircraft accord - herein , the first circumferential frames 40A are shaped so 
ing to a preferred embodiment of the disclosure herein ; that their respective webs 32 lie in respective planes 46A 

FIG . 2 is a diagrammatic perspective view of a structural ( FIG . 5 ) that are not orthogonal to the longitudinal axis 23 . 
assembly forming a part of a nose section of the aircraft from To be more precise , each of the first circumferential frames 
FIG . 1 , seen from the front ; 20 40A is shaped so that a corresponding first virtual straight 

FIG . 3 is a diagrammatic front view of the structural line half - segment 48 that passes through the web 32 of the 
assembly from FIG . 2 ; frame and starts from the middle 50 of a first virtual straight 

FIG . 4 is a diagrammatic side view of the structural line segment 52 connecting the lower end 42A to the upper 
assembly from FIG . 2 ; end 44A of the frame , extending orthogonally to the first 

FIG . 5 is a diagrammatic partial perspective view of the 25 virtual straight line segment 52 , intersects the fuselage skin 
structural assembly from FIG . 2 , seen from the rear ; 30 at a point 54 at which the first virtual straight line 

FIG . 6 is a diagrammatic partial view of the structural half - segment 48 is substantially orthogonal to the fuselage 
assembly from FIG . 2 in section on a horizontal plane skin 30 . By " substantially orthogonal ” is meant orthogonal 
passing through the axis of the aircraft ; to within a tolerance of + / – 10 degrees and preferably + / - 5 

FIG . 7 is a view similar to FIG . 2 showing an upper 30 degrees . Given the degree of curvature of the fuselage skin 
portion made in one piece and forming part of the structural 30 , the plane 46A of the web 32 of each first circumferential 
assembly ; frame 40A is at an angle strictly between 0 and 45 degrees 

FIG . 8 is a diagrammatic perspective view to a larger scale to a transverse plane 55 ( i . e . a plane orthogonal to the 
of the upper portion of the structural assembly . longitudinal direction X ) . The angle is defined between 

35 vectors V1 and V2 normal to the planes 46A and 55 , 
DETAILED DESCRIPTION respectively ( FIG . 5 ) . 

This geometrical property of the first circumferential 
FIG . 1 is a general view of an aircraft 10 comprising a frames 40A makes it possible to guarantee that at least a 

fuselage 12 , wings 14 and a tail assembly 16 . The fuselage portion 32A of the web 32 of each first circumferential frame 
12 typically includes a nose section 18 , a tail section 20 and 40 40A centered on the point 54 extends locally with an 
a middle section 22 of substantially circular cylindrical orientation close to the normal to the fuselage skin 30 ( FIG . 
general shape arranged between the nose section 18 and the 5 ) . The portion 32A of the web 32 therefore preferably 
tail section 20 and defining a longitudinal axis 23 of the extends everywhere in a direction at an angle less than 20 
aircraft . degrees to the local normal to the fuselage skin 30 , this angle 

In the following description , X refers to the longitudinal 45 preferably being less than 10 degrees . Moreover , the portion 
axial direction of the aircraft , Z refers to the vertical direc - 32A preferably has a circumferential extent greater than 
tion ( as defined when the aircraft is parked on a horizontal 10 % of the circumferential extent of the first circumferential 
surface ) and Y refers to the transverse direction orthogonal frame 40A of which it forms part . 
to the previous two directions . The directions X and Y define In practice , the curvature of the fuselage is generally 
so - called “ horizontal ” planes with respect to the orientation 50 moderately pronounced , with the result that the circumfer 
of the aircraft when the latter is parked on the ground . ential extent of the aforementioned portion 32A of the web 

FIGS . 2 through 6 show to a larger scale a structural 32 of each first circumferential frame 40A may be greater 
assembly 24 forming a part of the nose section 18 and than 25 % , or even 50 % , of the circumferential extent of the 
comprising in a general way a plurality of circumferential corresponding first circumferential frame 40A . 
frames 26 and stringers 28 together with a fuselage skin 30 55 More generally , the whole of the web 32 of each first 
fixed to the circumferential frames and the stringers . In the circumferential frame 40 A therefore has everywhere an 
conventional manner , the fuselage skin 30 has a double orientation relatively close to the local normal to the fuse 
curvature . lage skin 30 , unlike known type fuselage structures . 

Each of the circumferential frames 26 and the stringers 28 This configuration of the first circumferential frames 40A 
includes a web 32 , 34 and a flange 36 , 38 substantially 60 offers optimum resistance to the forces induced by the 
orthogonal to the web 32 , 34 extending from one edge of the pressurization of the fuselage of the aircraft . 
web and to which the fuselage skin 30 is attached . The As is more clearly apparent in FIGS . 3 and 6 , the 
circumferential frames 26 and the stringers 28 therefore structural assembly 24 includes second circumferential 
have a T - shape section . Of course , without departing from frames 40B arranged symmetrically to the first circumfer 
the scope of the disclosure herein , these elements may 65 ential frames 40A with respect to a vertical median plane 56 
instead comprise a heel on the other edge of the web and / or of the structural assembly 24 , which is also a vertical median 
an intermediate stringer connected to a middle portion of the plane of the aircraft , and which is defined as being a plane 
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passing through the longitudinal axis 23 and parallel to the plane 56 and moving away therefrom toward one side of the 
longitudinal direction X and the vertical direction Z . The aircraft , there are first encountered two stringers 28A that 
second circumferential frames 40B therefore have the same terminate towards the rear at the level of the median branch 
properties as the first circumferential frames 40A . 74 of the lower windshield frame section 64 , followed by a 

In the example shown , the nose section 18 includes a front 5 stringer 28B that extends rearwards as far as the correspond 
landing gear well 58 ( FIGS . 4 through 6 ) arranged in a ing lateral branch 76 of the lower windshield frame section 
position relatively close to the front end of the aircraft , under 64 , followed by a stringer 28C that extends rearwards as far 
the cockpit . The lower end 42A of each first circumferential as the corresponding lateral upright 68B , followed by two 
frame 40 A is connected to a lower end 60 A of a correspond stringers 28D and 28E that extend rearwards beyond the 
ing rib 62 that is part of the structure of the landing gear well 10 lower windshield frame section 64 and the first circumfer 
58 . In an analogous manner , the lower end 42B of each ential frames 40A . 
second circumferential frame 40B is connected to a lower Moreover , the structural assembly 24 includes a third 
end 60B of the corresponding rib 62 ( FIG . 6 ) . circumferential frame 84 which delimits a rear side of each 

Alternatively , and notably when the front landing gear of the lateral locations 72 of the windshield ( FIGS . 2 through 
well is at a position relatively rearward of the cockpit , the 15 4 ) . This third circumferential frame 84 is an open frame 
respective lower ends of some or all of the first circumfer - centered with respect to the vertical median plane 56 . It 
ential frames 40A may be connected to the respective lower therefore has two lower ends 86 by which it is connected to 
ends of some or all of the second circumferential frames the respective upper ends 88 of two fourth circumferential 
40B , typically by connectors such as appropriate stringers . frames 90 , each of arcuate shape , arranged symmetrically to 

In both cases , it should be noted that the lower end 42A 20 each other with respect to the vertical median plane 56 . Still 
and the upper end 44A of each first circumferential frame by way of example , the respective webs of the fourth 
40A are situated on the same lateral side of the structural circumferential frames 90 are inscribed in a transverse plane 
assembly 24 . The same obviously applies to the second 92 ( FIG . 4 ) while the web of the third circumferential frame 
circumferential frames 40B . 84 is inscribed in a plane 94 inclined to the vertical direction . 

In the embodiment shown , the structural assembly 24 25 The structural assembly 24 further includes fifth circum 
further includes a lower windshield frame section 64 and an ferential frames 96 arranged to the rear of the frames 
upper windshield frame section 66 as well as uprights 68 that described above . These fifth circumferential frames 96 are of 
connect them together ( FIGS . 2 and 3 ) . In a manner that is a conventional type , i . e . of closed annular shape , and their 
known in itself these elements 64 , 66 , 68 are intended to respective webs lie in transverse planes . 
support the windshield of the aircraft . Like the stringers 28 , 30 The stringers 28 include for example two stringers 98 
these elements 64 , 66 , 68 have a T - shaped or I - shaped ( FIGS . 2 , 4 and 5 ) respectively connecting those of the first 
section and therefore comprise a web 69 and at least one and second circumferential frames 40A , 40B that are situ 
flange ( not visible in the figures ) orthogonal to their web and ated at the greatest distance to the rear to that of the fifth 
to which the fuselage skin 30 is attached . circumferential frames 96 that is situated farthest forward . 

By way of example , there are three uprights 68 , namely a 35 The respective lower ends 97 of the fourth circumferential 
central upright 68A and two lateral uprights 68B , 68C frames 90 are for example connected to respective stringers 
symmetrical to each other with respect to the vertical median 98 . 
plane 56 ( FIG . 3 ) . In the preferred embodiment shown in the figures , the 

The structural assembly therefore delimits four locations structural assembly 24 includes a one - piece upper portion 
for windows intended to form the windshield , namely two 40 100 ( FIGS . 7 and 8 ) incorporating a part of the fuselage skin 
median locations 70 separated from each other by the central 30 ( not visible in these figures ) and a structure comprising 
upright 68A and symmetrical to each other with respect to all of the stringers 28 situated in the corresponding region of 
the vertical median plane 56 and two lateral locations 72 the structural assembly 24 as well as the lower windshield 
each separated from the adjacent central location 70 by one frame section 64 , the upper windshield frame section 66 and 
of the lateral uprights 68B , 68C and also symmetrical to 45 the uprights 68 . The stringers 28 concerned are the stringers 
each other with respect to the vertical median plane 56 . 28A - 28C as well as a front portion 101 of the stringer 28D . 

Still by way of example , the lower windshield frame The structure of the upper portion 100 further includes an 
section 64 includes an arcuate median branch 74 centered upper end portion 102 of each of the first and second 
with respect to the vertical median plane 56 and two lateral circumferential frames 40A , 40B and an upper end portion 
branches 76 symmetrical to each other with respect to the 50 104 of each of the fourth circumferential frames 90 . Each of 
vertical median plane 56 and extending rearwards from the the first and second circumferential frames 40A , 40B there 
median branch 74 , for example from two regions of the fore includes a lower portion 106 independent of the upper 
median branch 74 each substantially halfway between a portion 100 and the corresponding upper portion 102 inte 
corresponding lateral end of the median branch 74 and the gral with the upper portion 100 . In an analogous manner , 
vertical median plane 56 ( FIGS . 2 and 3 ) . 55 each of the four circumferential frames 90 includes a lower 

Each of the lateral branches 76 is formed for example of portion 108 independent of the upper portion 100 , and the 
two segments 76A , 76B at a non - zero angle to each other corresponding upper portion 104 integral with the upper 
( FIG . 3 ) . portion 100 . 

The stringers 28 of the structural assembly 24 have a The stringers 28 of the upper portion 100 as well as the 
primarily longitudinal orientation . This means that the web 60 lower windshield frame section 64 , the upper windshield 
34 of each of these stringers 28 lies in a respective plane 80 frame section 66 and the uprights 68 all have a geometrical 
at an angle o strictly greater than 45 degrees to a transverse property analogous to that of the first circumferential frames 
plane 82 . The angle v is defined between vectors V3 and V4 40A . To be more precise , as shown in FIG . 8 for example , 
normal to the planes 80 and 82 , respectively ( FIG . 5 ) . where the median branch 74 of the lower windshield frame 
Some of the stringers 28 extend rearwards from a front 65 section 64 is concerned , each of the structural elements is 

bulkhead 84 to which a radome 86 of the aircraft is attached configured so that a corresponding second virtual straight 
( FIG . 4 ) . As FIG . 2 shows , starting from the vertical median line half - segment 110 which passes through the web 34 , 69 
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of the element and the middle 112 of a corresponding second 2 . The structural assembly according to claim 1 , wherein 
virtual straight line segment 114 connecting a third edge 116 the web of the first circumferential frame is inscribed in a 
of the web of the element to an opposite fourth edge 118 of plane at an angle strictly between 0 and 45 degrees to a 
the web of the element , and which is orthogonal to the transverse plane . 
second virtual straight line segment 114 , intersects the 5 3 . The structural assembly according to claim 1 , wherein 
fuselage skin at a point 120 at which the second virtual the lower extremity and the upper extremity of the first 
straight line half - segment 110 is substantially normal to the circumferential frame are situated on a same lateral side of 
fuselage skin . the structural assembly . 

Generally speaking , the conformation of the aforemen 4 . The structural assembly according to claim 1 , wherein 
tioned structural elements of the upper portion 100 imparts the web of the first circumferential frame has a portion 
to them a better resistance to pressurization loads and centered relative to a point of intersection of the first virtual 
moreover makes it possible to facilitate the manufacture of straight line half - segment and the fuselage skin , wherein the 
the one - piece upper portion 100 . portion extends at an angle less than 20 degrees to a local 

This configuration of the upper portion 100 is notably s normal to the fuselage skin and has a circumferential extent 
made possible by the conformation of the first and second exceeding 10 % of a circumferential extent of the first 
circumferential frames 40A , 40B according to the disclosure circumferential frame . 
herein . In fact , the position of the upper end 44A of each of 5 . The structural assembly according to claim 1 , wherein 
these frames is not imposed by the axial position of their the circumferential frames further include at least one sec 
lower end 42A as in fuselages of known type , but to the 20 ond circumferential frame extending symmetrically with 
contrary may be chosen as a function of the configuration of respect to the first circumferential frame relative to a vertical 
the aforementioned structural elements of the upper portion median plane of the structural assembly . 
100 to which the frames 40A , 40B must be connected , 6 . The structural assembly according to claim 1 , wherein 
independently of the axial position of the lower end 42 A of the lower extremity of the first circumferential frame is 
each of these frames 40A , 40B , which may be defined as a 25 connected to a landing gear well structure . 
function of other technical constraints such as the position of 7 . The structural assembly according to claim 1 , further 
the ribs 62 in the landing gear well 58 where necessary . comprising a lower windshield frame section to support an 

The disclosure herein has been described above in its aircraft cockpit windshield and in which the upper extremity 
application to an aircraft nose section , but may advanta - of the first circumferential frame is connected to the lower 
geously be applied to other parts of the fuselage of an 30 windshield frame section . 
aircraft having a double curvature , for example a tail section . 8 . The structural assembly according to claim 7 , compris 

While at least one exemplary embodiment of the present ing a one - piece upper portion integrating a part of the 
invention ( s ) is disclosed herein , it should be understood that fuselage skin and a structure comprising the lower wind 
modifications , substitutions and alternatives may be appar - of shield frame section and an upper windshield frame section , 
ent to one of ordinary skill in the art and can be made uprights , stringers , and an upper extremity portion of the 
without departing from the scope of this disclosure . This first circumferential frame , and in which the lower wind 
disclosure is intended to cover any adaptations or variations shield frame section , the upper windshield frame section and 
of the exemplary embodiment ( s ) . In addition , in this disclo - the uprights delimit the aircraft cockpit windshield . 
sure , the terms “ comprise ” or “ comprising “ do not exclude 40 9 . The structural assembly according to claim 8 , wherein 
other elements or steps , the terms “ a ” , “ an ” or “ one ” do not all the stringers of the upper portion and the lower wind 
exclude a plural number , and the term “ or ” means either or shield frame section , the upper windshield frame section and 
both . Furthermore , characteristics or steps which have been the uprights each comprising a second web having a third 
described may also be used in combination with other extremity and an opposite fourth extremity and are each 
characteristics or steps and in any order unless the disclosure 45 conformed so that a corresponding second virtual straight 
or context suggests otherwise . This disclosure hereby incor - line half - segment , which passes thorough the web and 
porates by reference the complete disclosure of any patent or through a middle of a corresponding second virtual straight 
application from which it claims benefit or priority . line segment connecting the third extremity to the fourth 

extremity and extends orthogonally to the second virtual 
The invention claimed is : 50 straight line segment , intersects the fuselage skin at a second 
1 . A structural assembly for forming a part of an aircraft point at which the second virtual straight line half - segment 

fuselage , comprising : is substantially normal to the fuselage skin . 
a fuselage skin having a double curvature ; and 10 . An aircraft comprising a structural assembly forming 
circumferential frames that comprise a web and a flange a part of a fuselage of the aircraft , the structural assembly 

substantially orthogonal to the web and to which the 55 comprising : 
fuselage skin is fixed , a fuselage skin having a double curvature , and 

wherein the circumferential frames comprise at least one circumferential frames that comprise a web and a flange 
first circumferential frame having a lower extremity substantially orthogonal to the web and to which the 
and an upper extremity and conformed so that a first fuselage skin is fixed , 
virtual straight line half - segment , which passes through 60 wherein the circumferential frames comprise at least one 
the web and originates from a middle of a first virtual first circumferential frame having a lower extremity 
straight line segment connecting the lower extremity to and an upper extremity and conformed so that a first 
the upper extremity , extending orthogonally to the first virtual straight line half - segment , which passes through 
virtual straight line segment , intersects the fuselage the web and originates from a middle of a first virtual 
skin at a point at which the first virtual straight line 65 straight line segment connecting the lower extremity to 
half - segment is substantially normal to the fuselage the upper extremity , extending orthogonally to the first 
skin . virtual straight line segment , intersects the fuselage 
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skin at a point at which the first virtual straight line 
half - segment is substantially normal to the fuselage 
skin . 

11 . The aircraft according to claim 10 , including a nose 
section that comprises the structural assembly . 


